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Abstract

The preliminary observation of up-regulation of cyclophilin transcripts during Edwardsiella ictaluri infection prompted us to
speculate on the potential importance of cyclophilins in the early stage of infection. To provide a framework for answering these
questions, two cyclophilin ¢cDNA of channel catfish, Ictalurus punctatus, were identified, sequenced and characterized. The
complete nucleotide sequences of cyclophilin A and cyclophilin B cDNA consisted of 1170 and 996 bases, respectively. Analyses of
the sequences revealed each had one open reading frame potentially encoding 164 amino acids with calculated molecular mass of
17,450 Da and 216 amino acids with calculated molecular mass of 23,852 Da for cyclophilin A and cyclophilin B, respectively. The
degrees of conservation of channel catfish cyclophilin A and cyclophilin B amino acid sequences to counterparts of other species
ranged from 74 to 84% and 80 to 92%, respectively. Both cyclophilin A and cyclophilin B transcripts were constitutively expressed
in all tissues of channel catfish examined in this study. These results provide valuable information not only for further exploring the
roles of cyclophilins in fish immune responses to infection, but also for production of polyclonal/monoclonal antibodies for channel

catfish cyclophilins.
Published by Elsevier B.V.
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1. Introduction

Cyclophilin A (CyPA) and cyclophilin B (CyPB) are
intracellular members of the highly conserved immuno-
philin family and are ubiquitous (Bukrinsky, 2002; Galat,
1999; Ivery, 2000; Pemberton, 2006; Maruyama and
Furuani, 2000; Wang and Heitman, 2005; He et al.,
2004). Both proteins play many important roles in
physiological and pathological processes. In physiolo-
gical conditions, both proteins possess peptidyl-prolyl
cis—trans isomerase activity that mediates protein folding
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as well as multidomain protein assembly, followed by
serving as signal molecules (Wang and Heitman, 2005;
Brazin et al.,, 2002; Min et al., 2005). In addition,
Bukrinsky and other groups demonstrated that CyPA and
CyPB use CD147, a widely expressed membrane protein,
as a signal receptor resulting in chemotaxis and adhesion
to the extracellular matrix, respectively (Allain et al.,
2002; Yurchenko et al., 2001, 2002, 2005, 2006). CyPA
binds strongly to the immunosuppressive agent, cyclos-
porine A, to form a complex that subsequently blocks T
cell activation (Schmid, 2001; Heitman et al., 1992) via
Itk tyrosine kinase (Brazin et al., 2002; Colgan et al.,
2004). Another study demonstrated that CyPA interacts
with peroxiredoxins and subsequently activates their
peroxidase activity (Lee et al., 2001). A study has shown
that CyPB and interferon regulatory factor-3 interaction
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resulted in suppression of phosphorylation of interferon
regulatory factor-3 and thereby inhibits interferon-3
induction (Obata et al., 2005).

On the other hand, cyclophilins have been implicated
in microbial pathogenesis. Interactions of CyPA with
various human immunodeficiency virus-1 proteins are
required for establishment of infection in human cells
(e.g. Luban, 2007; Billich et al., 1995; Zander et al.,
2003). CyPB interacts with the hepatitis C virus RNA
polymerase NS5B and then promotes the replication of
the viral genome (Watashi et al., 2005). In the course of
studying Edwardsiella ictaluri pathogenesis, up-regula-
tion of cyclophilin expressed sequence tags (EST) during
Ed. ictaluri infection in channel catfish (CC) ovary cell
(ATCC CRL-2772) line was observed (Yeh and Klesius,
unpublished observation). This preliminary observation
prompted us to speculate that these cyclophilins may play
acritical role in the early stage of Ed. ictaluriinfection. In
order to provide a framework for answering these
questions, CC CyPA and CyPB were isolated, char-
acterized and expressed. Both cyclophilins were con-
stitutively expressed in all tissues analyzed.

2. Materials and methods
2.1. Animals

Channel catfish (NWAC 103 strain, 20-25 g) were
maintained at the Aquatic Animal Health Research Unit,
Agricultural Research Service, United States Depart-
ment of Agriculture, and were acclimated for 2 weeks at
28 °C before use in experiments (Jenkins and Klesius,
1998). All fish were clinically healthy. The protocol for
animal usage in experiments was approved by the
Institutional Animal Care and Use Committee, Aquatic

Animal Health Research Unit, Agricultural Research
Service, United States Department of Agriculture.

2.2. Tissue samples

Fish were euthanized by immersion in tricaine
methanesulfonate (MS-222) according to the Guide-
lines for the Use of Fishes in Research (Nickum et al.,
2004). Gills, skin, spleen, hepatopancreas, intestine and
head kidneys were aseptically excised.

2.3. RNA isolation and construction of CC rapid
amplification of cDNA ends (RACE)

Total RNA from the excised tissues was extracted by
using a Tri reagent kit (Molecular Research Center, Inc.,
Cincinnati, OH) according to the manufacturer’s
protocol. The quality and quantity of total RNA was
determined by an Agilent Bioanalyzer using RNA 1200
chips (Agilent Technologies, Santa Clara, CA). Both
16S and 28S RNAs were clearly identified.

For RACE library construction, a GeneRacer kit
(Invitrogen Corp., Carlsbad, CA) was used according to
the manufacturer’s protocol. Both 5’- and 3’-RACE
cDNAs were amplified by PCR. The primers synthe-
sized by Sigma-Genosys (The Woodlands, TX) for PCR
amplification are listed in Table 1. The PCR products
were purified by agarose gel electrophoresis and ligated
into a pCR4-TOPO TA vector (Invitrogen Corp.). The
ligated plasmids were transformed into TOP10 E. coli
by heat-shock. After enrichment in the S.0.C. medium,
cells were streaked on LB plates containing 50 pwg/ml of
ampicillin and incubated at 35 °C overnight. Colonies
were randomly picked and cultivated in WU medium
for sequencing.

Table 1
Oligonucleotides used in this study
Primer Sequence Tm (°C)
GeneRacer 5'Primer (Invitrogen) 5-CGACTGGAGCACGAGGACACTGA-3’ 74
GeneRacer 3'Primer (Invitrogen) 5'-GCTGTCAACGATACGCTACGTAACG-3' 78
B-Actin F 5'-GACTTCGAGCAGGAGATGGG-3' 72
B-Actin R 5'-AACCTCTCATTGCCAATGGTG-3' 69
(1) Cyclophilin A*
CPA38F 5'-GCAGCGGCAAGTGCTCTGCCAAGATA-3' 78
CPA42R 5'-GCTGCTGCTTCCTCTGCCTTCGACAA-3' 77
CPA207R 5'-ACCCTGGCACATGAAACCTGGGATGA-3' 77
(2) Cyclophilin B*
CPB116F 5'-TCATGATCCAAGGAGGCGACTTCACCA-3’ 77
CPB366F 5'-AGGCACAAAAACGGACGGCAGGGATA-3' 77
CPB299R 5'-CATGGCGTCTGCACGGTGGTAATGAA-3' 77
CPB385R 5'-TGCCGTCCGTTTTTGTGCCTTCAATC-3' 77

# Sequences used for cyclophilin A and B primer design were from DQ086168 and DQ086177, respectively.
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2.4. DNA sequencing and analyses

DNA sequencing on both strands was carried out at
the USDA ARS MidSouth Genomic Laboratory
(Stoneville, MS) with an ABI 3730x1 Genetic Analyzer
(Applied Biosystems, Foster City, CA). Sequencing
chromatograms were edited for quality and trimmed
vector sequence using the Phred (Ewing and Green,
1998; Ewing et al., 1998) and Lucy 2 (Li and Chou,
2004) programs. The CC cyclophilin amino acid
sequences were deduced from nucleic acid sequences
by using the Transeq program via the Internet (Rice
et al., 2000), and aligned with other cyclophilin amino
acid sequences by using the ClustalW (version 1.83)
software (Chenna et al., 2003). The phylogenetic
analyses were performed by using the MEGA (version
3.1) software (Kumar et al., 2004) based on the
ClustalW alignment result. The AliBaba2.1 software
was used to analyze the promoters (Grabe, 2002).

2.5. RT-PCR

RT-PCR assays for cyclophilin gene expression in
CC tissues were carried out by a two-step procedure
routinely used in our laboratory (Yeh and Klesius,
2007a,b). First, total RNA from various tissues were
reverse transcribed into cDNA by a Superscript reverse
transcriptase (Invitrogen Corp.) in the presence of
random hexamers. For PCR, 50 pl reactions contained
(in final concentrations) 1 x PCR buffer (TaKaRa Mirus
Bio, Madison, WI), 3.0 mM MgCl, (Applied Biosys-
tems), 200 WM dNTP (TaKaRa Mirus Bio), 0.3 uM
each of gene-specific primers (Table 1), 1.25 U ExTaq
HS DNA polymerase (TaKaRa Mirus Bio) and cDNA
template. The amplification was performed initially at
94 °C for 2 min, followed by 25 cycles of 94 °C for 15 s,
62 °C for 1 min, 72 °C for 2 min. The final extension
was carried out at 72 °C for 10 min. The reaction
mixture without cDNA template served as a negative
control. The amplified PCR fragments were analyzed in
2% agarose gel electrophoresis and stained with
ethidium bromide. Images were documented by a
KODAK Gel Logic 440 Imaging System and processed
by an Adobe Photoshop program (v. 7.0.1).

3. Results and discussion

3.1. Cloning and characterization of CC
cyclophilin cDNA

In the preliminary study, the subtractive suppression
hybridization was used to partially analyze cDNA

libraries from CC ovary cell line (ATCC CRL-2772),
and we found that several clones contained cyclophilin
EST (GenBank Accession Nos. DQO086168 and
DQO086177). Based on these EST, these genes were
further cloned and sequenced by using the rapid
amplification of cDNA ends (RACE) method (Frohman
et al., 1988). The complete sequence of the CC CyPA
cDNA consisted of 1170 nucleotides. Analysis of the
nucleotide sequence shows one open reading frame
(ORF) and 5'- and 3’-end untranslated regions (UTR)
(data not shown, GenBank Accession No. EF424274).
The 5-UTR had 104 bases containing a potential
TATTA box (74-78 bases) and a Spl transcription
factor binding site (29-38 bases). The 3’-UTR was 571
bases in length. Like mammalian cDNA, the CC CyPA
cDNA contained a potential mRNA instability motif
(741-746 bases) that regulates mRNA degradation
(Zubiaga et al., 1995), two polyadenylation signal
sequences (1097-1102 and 1101-1106 bases), and a
polyadenylation tail. The ORF potentially encoded a
164-amino acid peptide with a calculated molecular
weight of 17,450 Da.

The complete sequence of the CC CyPB cDNA gene
consisted of 996 nucleotides. The 5’-UTR had 77 bases
including two Spl transcription factor binding sites
(13-23 and 46-55 bases), while the 3’-UTR had 268
bases containing a polyadenylation signal sequence
(944-949 bases) and a 29-base polyadenylation tail
(data not shown, GenBank Accession No. EF424275).
The ORF potentially encoded a 216-amino acid peptide
with a calculated molecular mass of 23,852 Da.

3.2. Alignment and phylogenetical analysis of CC
cyclophilin amino acid sequences

To determine the similarity and evolutionary
relatedness of CC cyclophilin amino acid sequences
with other known cyclophilin sequences deposited in
GenBank, the ClustalW (Chenna et al., 2003) and
MEGA3 (Kumar et al., 2004) software programs were
used to analyze the cyclophilin sequences (Figs. 1 and
2). CyPA amino acid sequences were highly conserved
among species, ranging from 74% (CC vs. Chinese
hamster) to 84% (CC vs. zebrafish) (Fig. 1A). Two
important features for CyPA functions were conserved
in CC. First, based on a structural study of human
cyclophilin A (Ke et al., 1991), CC CyPA protein
potentially has four B-strands and a loop (Lys118 to
His126) indicating that it could form a pocket for the
cyclosporine A binding. In addition, CC CyPA
conserved the amino acid residues (His54, Arg5S5,
Phe60, Phel13 and His126) that involve peptidyl-prolyl
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(A) -
Mouse MVNPTVFFDITADDEPLGRVSFELFADKVPKTAENFRALSTGEKGFGYKG 50
Chinese hamster MVNPTVFFDISADGEPLGRVSFELFADKVPKTAENFRALSTGEKGFGYKG 50
Norway rat MVNPTVFFDITADGEPLGRVCFELFADKVPKTAENFRALSTGEKGFGYKG 50
Human MVNPTVFFDIAVDGEPLGRVSFELFADKVPKTAENFRALSTGEKGFGYKG 50
Rabbit MVNPTVFFDIAVDGEPLGRVSFELFADKVPKTAENFRALSTGEKGFGYKG 50
Chlamys farreri MSNPRVFFDVTANGKPVGRIMMELRGDVVPKTAENFRALCTGEKGFGYKG 50
Sea urchin MAKPQVFFDLQANGENLGRIVMELRADVVPKTAENFRALCTGEKGFGYKG 50
Channel catfish MSKPKVFFDITIDGKSAGRIVIELRADVVPKTAENFRALCTGEKGFGYKG 50
Zebrafish MANPKVFFDITIDGKEAGRIVMELRADVVPKTAENFRALCTGEKGFGYKG 50
Pacific oyster MGKPQVFFDISIGGQPAGRIVMELEADVVPKTAENFRALCTGEKGFGYKG 50
Tetraodon nigroviridis MANPRVFFDIAINGKPAGRIVMELNADVVPKTAENFRALCTGEKGFGYKG 50
* * kkkk * % * % * Khkkkhkhkkkkhkhkhkk dhhkkkhkkkkkk
B3 ->  <-pa-> <-PB5-
Mouse SSFHRIIPGFMCQGGDFTRHNGTGGKSIYGEKFEDENFILKHTGPGILSM 100
Chinese hamster SSFHRIIPGFMCQGGDFTRHNGTGGRSIYGEKFEDENFILKHTGPGILSM 100
Norway rat SSFHRIIPGFMCQGGDFTRHNGTGGKSIYGEKFEDENFILKHTGPGILSM 100
Human SCFHRIIPGFMCQGGDFTRHNGTGGKSIYGEKFEDENFTLKHTGPGILSM 100
Rabbit SCFHRIIPGFMCQGGDFTRHNGTGGKSIYGEKFEDENFLLKHTGPGILSM 100
Chlamys farreri SPFHRVIPSFMCQGGDFTRONGTGGKSIYGEKFADENFTLKHTGPGVLSM 100
Sea urchin STFHRVIPGFMCQGGDFTRHNGTGGKSIYGEKFADENFTLKHTQPGILSM 100
Channel catfish SGFHRVIPGFMCQGGDFTNHNGTGGKSIYGNKFADENFTLKHTGPGIMSM 100
Zebrafish SGFHRVIPQFMCQGGDFTNHNGTGGKSIYGNKFEDENFTLKHGGKGTLSM 100
Pacific oyster SGFHRVIPQFMCQGGDFTNHNGTGGKSIYGNKFPDENFQLKPLGPGTLSM 100
Tetraodon nigroviridis STFHRVIPQFMCQGGDFTNHNGTGGKSIYGNKFQDENFSLTHTGPGILSM 100
k khkk kk khkkkhkkkkkk khkkhkk hkkk *k khkkk K * * %
> <-B6-> <-Loop->
Mouse ANAGPNTNGSQFFICTAKTEWLDGKHVVFGKVKEGMNIVEAMERFGSRNG 150
Chinese hamster ANAGPNTNGSQFFICTAKTEWLDGKHVVFGKVKEGMNIVEAMERFGSRNG 150
Norway rat ANAGPNTNGSQFFICTAKTEWLDGKHVVFGKVKEGMSIVEAMERFGSRNG 150
Human ANAGPNTNGSQFFICTAKTEWLDGKHVVFGKVKEGMNIVEAMERFGSRNG 150
Rabbit ANAGPNTNGSQFFICTAKTEWLDGKHVVFGRVKEGMSIVEAMEHFGSENG 150
Chlamys farreri ANAGPNTNGSQFFLCTARTEWLDGKHVVFGSVVEGMDVVKKIESYGSQSG 150
Sea urchin ANAGVNTNGSQFFICTAVTSWLDGKHVVFGAVTQGLDITIKKVESYGSDSG 150
Channel catfish ANAGPNTNGSPFFICTEKTSWLDGKHVVFGSVVDGMDVVRVVEGRGSSSG 150
Zebrafish ANAGPNTNGSQFFICTADTNWLDGKHVVFGKVVDGLNVVDAIEKKGSSSG 150
Pacific oyster ANAGPNTNGSQFFICTEKTSWLDGKHVVFGRVTDGMNVVKAMEATGSQSG 150
Tetraodon nigroviridis ANAGPNTNGSQFFICTVKTQWLDGKHVVFGKVVEGMDLVQTMESYGSQSG 150
khkkk khkkkk *k k*k * kkkkhkhkkkkk * * * * % *
Mouse KTSKKITISDCGQL- 164
Chinese hamster KTSKKITISDCGQL- 164
Norway rat KTSKKITISDCGQL- 164
Human KTSKKITIADCGQLE 165
Rabbit KTSKKITIANCGQL- 164
Chlamys farreri KTSEKIIVADCGQL- 164
Sea urchin KTSKKITIADCGQL- 164
Channel catfish KCFAKIVIADCGQL- 164
Zebrafish KCSAKVVIANCGQL- 164
Pacific oyster KPSKPIKIENCGQL- 164
Tetraodon nigroviridis KPKANITIADCGQL- 164
* * k ok k

Fig. 1. Multiple alignments of the predicted channel catfish cyclophilin amino acid sequences with those from other species. (A) Cyclophilin A: the
cyclosporine A binding domains (four 3-strands and one loop) are indicated on the top of sequences (Ke et al., 1991). Species and corresponding
Accession No. used for alignment are as follows: mouse (BAE30323), Chinese hamster (P14851), Norway rat (NP_058797), human (AAH05982),
rabbit (QI9TTC6), Chlamys farreri (AAR11779), sea urchin (P91791), zebrafish (AAQ91263), Pacific oyster (AAT44353) and Tetraodon
nigroviridis (CAF94597). (B) Cyclophilin B: the cyclosporine A binding domains are indicated on the top of sequences. In addition, the
glycosaminoglycan binding sites are in bold. Species and corresponding Accession No. used for alignment are following: mouse (NP_035279), rat
(AAH61791), human (NP_000933), chimpanzee (XP_001174161), cattle (AAX08983), dog (XP_852389), chicken (NP_990792), African clawed
frog (AAH54168), zebrafish (AAQ91263) and T. nigroviridis (CAF98384). Identical amino acids among all sequences are indicated with asterisks.
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< Domain I >€
MLRLSERNMKVLFAAALIVGSVVFLLLPGPSVANDKKKGPKVTVKVYFDL
MLRLSERNMKVLFAAALIVGSVVFLLLPGPSVANDKKKGPKVTVKVYFDF
MLRLSERNMKVLLAAALIAGSVFFLLLPGPSAADEKKKGPKVTVKVYFDL
MLRLSERNMKVLLAAALIAGSVFFLLLPGPSVADEKKKGPKVTVKVYFDL
MLRLSERNMKILFVAALVVGSVFFLLLPGPSAADEKKKGPKVTVKVYFDL
MLRLSERNMKVLFAAALVVGSVFFLLLPGPSTADEKKKGPKVTVKVYFDL
———————— MKALVAAT-ALGPALLLLLPAASRADERKKGPKVTAKVFFDL
MLRPLERNMKLLFAAALIAGSVIFLLFPGSSVADDKKKGPKVTDKVYFDL
MVRACERKMKFLVAVTIIVASVFFLLLPNGSQADEKKKGPKVTAKVYFDI
MVRICERRMKFLVAVTLIVGSVVFLLFPSETEADEKKKGPKVTAKVYFDI
MLRLFGRRMKVLVAVTVIVGSLIFLAFPNGSSADDKKRGPKVTAKVYFDM
L * * * * kkkkk *k k%
Domain ITI
QIGDESVGRVVFGLFGKTVPKTVDNFVALATGEKGFGYKNSKFHRVIKDF
QIGDEPVGRVTFGLFGKTVPKTVDNFVALATGEKGFGYKNSKFHRVIKDF
RIGDEDVGRVIFGLFGKTVPKTVDNFVALATGEKGFGYKNSKFHRVIKDF
RIGDEDVGRVIFGLFGKTVPKTVDNFVALATGEKGFGYKNSKFHRVIKDF
RIGDEDIGRVVIGLFGKTVPKTVDNFVALATGEKGFGYKDSKFHRVIKDF
RIGDEDIGRVVIGLFGKTVPKTVDNFVALATGEKGFGYKDSKFHRVIKDF
RVGEEDAGRVVIGLFGKTVPKTVENFVALATGEKGFGFKGSKFHRVIKDF
KIGDEEVGRIVIGLFGKTVPKTVENFVTLATGEKGYGYKGSKFHRVIKEF
RVGDEDIGRIVIGLFGKTVPKTTENFLALATGEKGFGYKGSKFHRVIKDF
KIGDEDAGRIVIGLFGKTVPKTTENFLQLATGEKGFGYKGSKFHRVIKDF
KIGDEEIGRIVIGLFGKTVPKTVDNFVALATGEKGFGYKGSKFHRVISQF
E * % * ok ok ok ok k ok ok ok k * % khkkkhkkhkk * * hhkkkhkkk *
>¢€ Domain III
MIQGGDFTRGDGTGGKSIYGERFPDENFKLKHYGPGWVSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGERFPDENFKLKHYGPGWVSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGERFPDENFKLKHYGPGWVSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGERFPDENFKLKHYGPGWVSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGERFPDENFKLKHYGPGWVSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGERFPDENFKLKHYGPGWVSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGDRFPDENFKLKHYGPGWVSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGDRFPDENFKLKHYGPFWLSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGDRFPDENFKLKHYGPGWLSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGDRFPDENFKLKHYGPGWLSMANAGKDTNGS
MIQGGDFTRGDGTGGKSIYGDRFPDENFKLKHYGPGWLSMANAGKDTNGS
khkhkhhkhkdhkhkhhkhhkhkdhhkhdhhhkdk dhhkdkhkhkdkhkhbdkhhdhdhd * dhkhkdhdhhhdkhhhd
>¢ Domain IV
QFFITTVKTSWLDGKHVVFGKVLEGMDVVRKVESTKTDSRDKPLKDVIIV
QFFITTVKTSWLDGKHVVFGKVLEGMDVVRKVENTKTDSRDKPLKDVIIV
QFFITTVKTAWLDGKHVVFGKVLEGMEVVRKVESTKTDSRDKPLKDVIIA
QFFITTVKTAWLDGKHVVFGKVLEGMEVVRKVESTKTDSRDKPLKDVIIA
QFFITTVKTAWLDGKHVVFGKVLEGMDVVRKVESTKTDGRDKPLKDVTIA
QFFITTVKTAWLDGKHVVFGKVLEGMEVVRKVESTKTDSRDKPLKDVTIA
QFFITTVKTAWLDGKHVVFGKVLEGMDVVRKVENTKTDSRDKPLKDVTIA
QFFITTVKTPWLDGKHVVFGKVLEGTEIVRKIESTKTDGRDKPLKDVVIA
QFFITTVQTPWLDGKHVVFGKILEGMDVVRKIEGTKTDGRDKPLKDVIIH
QFFITTVQTPWLDGKHVVFGKILEGMDVVRKIEATKTDGRDKPLKDVSIH
QFFITTVITTWLDGKHVVFGKVLEGMDVVLKIEKTKTDARDRPLKDVVIH

khkkkkkk * khkkkkkkkhkkhkkk kk*k * k ok kkkk Kkk kkkkk X

2><&Domain V>
DSGKIEVEKPFAIAKE 216
DCGKIEVEKPFAIAKE 216
DCGKIEVEKPFAIAKE 216
DCGKIEVEKPFAIAKE 216
DCGKIEVEKPFAIAKE 216
DCGKIEVEKPFAIAKE 216
DCGTIEVEKPFAIAKE 207
DCGKIEVEKPFAIAKE 216
DSGKIEVEKPFAVAKE 216
DSGKIDVEKPFAVAKE 216
DSGVIEVEKPFAVPKE 216

* * * kkkkkk * %

Fig. 1. (Continued)
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(B) Rat
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Fig. 2. Phylogenetic relationships of channel catfish cyclophilin A (A) and cyclophilin B (B) amino acids. Sequences from Fig. 1 were used to
produce the phylogenetic tree by the Neighbor-Joining bootstrap analysis (500 replicates) in MEGA3 phylogenetic analysis program (Kumar et al.,

2004).

isomerase activity (Zydowsky et al., 1992). Two recent
reports identified the CyPA of common carp (Cyprinus
carpio) and red stingray (Dasyatis akajei) (Kawano
et al., 2003; Tu et al., 2003). Comparison of their amino
acid sequences against those deposited in GenBank was
made by using the BLASTp program (Altschul et al.,
1997). We found that the common carp amino acid
sequence had 85% identity to human cyclophilin-like 1
protein that is a 30l-amino acid peptide with a
molecular mass of 33 kDa (Kim et al., 1998; Mi
et al., 1996), and the red stingray amino acid sequence
had 75 and 77% identity to the human cyclophilin F (a
207-amino acid protein (Bergsma et al., 1991)) and
douroucouli TRIM/CyPA fusion protein, respectively.
As seen in Fig. 2A, two well-supported clades were
formed. The tree also demonstrates that the CC CyPA
was closely related to that of zebrafish.

Like CyPA, the CyPB amino acid sequences were
highly conserved among species, ranging from 80%
(CC vs. chicken) to 92% (CC vs. zebrafish) (Fig. 1B).
The CC CyPB can be structurally divided into five
domains (/-V) according to the study by Price et al.
(1991). Domain I including a signal peptide (Bukrinsky,
2002) is the least conserved region among species and
not found in the CC CyPA. Both the cyclosporine A
binding sites in domains II and III and the glycosami-
noglycan binding sites Lys36—Lys37-Lys38 and Tyr47—
Phe48—-Asp49) were well conserved in CC CyPB
(Allain et al., 2002; Price et al., 1991). As seen in
Fig. 2B, the evolutionary tree shows the phylogeny of
the organism follows classical taxonomy and phyloge-

netic transition from solely water-living fish to
amphibian frog to land inhabitants. The tree also
demonstrates that the CC CyPB was close to that of
zebrafish. However, we do not know at this time
whether fish, a heterogeneous group of more than
23,000 species (Helfman et al., 1997) adapted to a wide
range of environments, form well-supported clusters. In
our recent studies, we observed a high degree of
diversity of hemoglobin-f and CD59 among fish (Yeh
et al., 2006; Yeh and Klesius, 2007b).

3.3. Expression of cyclophilins in CC tissues

RT-PCR amplification of mRNA from CC spleen,
head kidney, liver, intestine, skin and gill was used to
profile tissue expression of cyclophilins. Both CyPA
and CyPB were expressed in all tissues of fish examined
(data not shown). Individual variations were also
observed. These results are in agreement with the
notion that cyclophilins are ubiquitous in animal tissues
(Koletsky et al., 1986; Ryffel et al., 1991).

In conclusion, CC cyclophilin cDNA were cloned
and characterized. The degrees of conservation of CC
CyPA and CyPB amino acid sequences to counterparts
of other species ranged from 74 to 84% and 80 to 92%,
respectively. Both CyPA and CyPB transcripts were
constitutively expressed in all tissues examined. These
results provide valuable information not only for further
exploring the roles of cyclophilins in fish immune
responses to infection, but also for production of
polyclonal/monoclonal antibodies for CC cyclophilins.
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The in vitro and in vivo roles of cyclophilin transcripts
and their gene products on catfish infection with Ed.
ictaluri are currently under investigation.
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